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1. INTRODUCTION 
1.1. Background 
During the last 30 years a lot of efforts have been done to try to understand and characterize 
fluid flow in microchannels and nanochannels, but still today the behaviors have not been fully 
understood.  Different researchers offer contradictory results.  
For example, Gravesen (1993) found no microfluidic device that works in fully developed 
turbulent regimen. Wang and Peng (1994), Mala and Li (1999) and Hsieh (2004) found early 
transitions from laminar to turbulent flow. The reasons exposed to explain those deviations 
are surface phenomena such as roughness, electrokinetic forces, temperature effects and 
microcirculation near the wall.  
Although the deviations has been observed by some researchers, others like Tuckerman and 
Pease (1981), Pfahlder (1990), Elwenspoek (1994), Xu (2000), Sharp (2001) and Judy and 
Maynes (2002) affirm that conventional theories can predict the flow, and claim differences 
exposed by other researchers might be originated from experimental uncertainties or 
measurement errors. 
The aim of this project is to offer a set of experiments that presents experimental data about 
fluids behavior through nanochannels to help to be compared with classic macroscale theories. 
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1.2. Fluid dynamics and modern applications 
Fluid dynamics is one of the biggest and exciting science fields on engineering. It is represented 
in almost every aspect of our daily lives, from the blood that pumps our heart to the plane that 
can take us to any part of the world. The important breadth of applications is at the same time 
a quest due to the complexity of equations that governs fluid mechanics. These are Navier-
Stokes, whose analytical solution is not always a possibility. 
During the lasts decades, the study of mechanical fluids behavior at nano and microscale has 
been increased, because generally we cannot apply classical macroscale theories to solve or 
analyze micro or nanoscale structure. It impedes the understanding of flow characteristics 
(velocity profile or pressure loss) for design, control and analysis of micro and nanofluidic 
devices. 
Nowadays, different techniques are used to force the microfluid flow, such as pressure 
differential or electro-kinetic flow. The first one is used for the experiments, and is based on a 
height gap to generate the flow. The second group includes various methods such as 
electrophoresis, electroosmosis or electrowetting (EW). EW as an example one of them is 
briefly introduced. 
EW is an effect that permits to change the contact angle between a droplet and a hydrophobic 
surface due to an applied electric field (fig. 1). 
 
Figure 1 Electrowetting effect 
The electric field caused by a potential difference changes the wettability that spreads the 
droplet shape over a hydrophobic surface changing it form in a controlled an reversible way. 
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Electrokinetic flows permits digital control of microfluid for a wide range of application, and 
example is displays technology (fig. 2).  
 
Figure 2 EW display pixel 
The most mature devices field for microfluidic devices are ink-jet printers, otherwise is used 
for lab-on-a-chip (DNA analyzers, immunoassays, enzyme assays…), combustors, cool 
electronic systems, optics, fuel cells … An example of liquid cooled microchannel heat sink was 
presented by Xiaojin Wei during his PhD at Georgia Institute of Technology. Fig. 3 shows the 
array of microchannels. 
 
 
Figure 3 Array of microchannel 
Moreover, the economic potential of the wide applications fields makes the topic essential for 
the future, and a hot research theme. 
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1.3. Classical fluid equations 
In order to understand how dynamics fluid behavior works, it is necessary to understand the 
classic theories, which are tested and proved on macroscale world.  
Fundamental laws are, 
- Conservation of mass 
- Conservation of momentum 
- Conservation of energy 
- Navier-Stokes equations 
Conservation of mass 
The mass of a closed system remains constant over the time. The mass of an isolated system 
cannot be changed as a result of processes acting inside the system. A similar statement is that 
mass cannot be created or destroyed, although it may be rearranged in space, and changed 
into different types of particles. In an integral form (1) this is represented by, 
 
∫ =SYS dVDt
D 0ρ
 (1) 
For a uniform flow with one entrance and one exit, the equation takes the form, 
 111222
VAVA ρρ =
 (2) 
If the density is constant, the equation (2) can be written as, 
 1122
VAVA =
 (3) 
Where A1 and A2 are the section areas of the inlet or outlet, and V1 and V2 are the velocities of 
the inlet or outlet.  
Last equation permits to calculate the velocity of a fluid when the diameter of the pipe 
changes or vice versa. 
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Conservation of energy 
Also known as first law of thermodynamics (4) is related to heat transfer, work and energy 
change. It states that the total amount of energy remains steady over the time. The rate of 
heat transfer to a system minus the rate at which system does work equal the rate at which 
the energy of the system is changing. 
 
∫=− SYS dVeDt
DWQ ρ
...
 (4)
 
e is the specific energy, accounts for kinetic energy, potential energy and internal energy per 
unit mass. 
If we consider a steady flow system with one entrance and one exit (5) the energy equation 
simplifies to: 
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HL is the head loss. If the losses are negligible and if there is no shaft (6) work the energy 
equation takes the form of: 
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Where V is the velocity of the fluid, γ specific weight, p pressure and z height; sub index 
denotes inlet or outlet. 
Last equation permits to solve different situations. For example, calculate the height of a fluid 
deposit, to obtain a given velocity. In combination with conservation mass equation permits 
calculate in and out velocities of a certain system. 
 
Conservation of momentum 
Moment equations (7) results from Newton’s second law. It states that the resultant moment 
acting on a system equals the rate of change of the angular momentum of the system when 
measured in an inertial reference frame; that is: 
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∫∑ = SYS dVVDt
DF ρ
 (7) 
The momentum equation simplification (8) for one entrance and one exit on a steady uniform 
flow is: 
 
)( 12
.
11112222 VVmVVAVVAF −=−=∑ ρρ  (8) 
Is important to note that the momentum equation is a vector equation which represents three 
scalar equations; one for each axis. 
Mass flux (m) is usually used in specifying the quantity of flow for a compressible flow for 
incompressible is used flow rate (Q). 
 VAQ
VAm
=
= ρ
.
 (9)
 
Conservation of momentum equation permits to calculate, for example, the forces that a wall 
or gate need to stand, in order to avoid deformation due to flow rate pressure.  
 
Navier-Stokes 
In the other side Navier-Stokes (10) equations used differential forms to describe the motion 
of fluids. 
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 (10) 
They are not just used to describe mechanical fluid motion also useful for such a difference 
fields like weather modeling, economics, ocean currents and so on. Although these equations 
were written down in the 19th Century, the understanding of them nowadays remains 
minimal.  
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They are nonlinear partial differential equations. The nonlinearity makes most problems 
difficult or impossible to solve (require numerical computation).  
The equations solution is in terms of velocity not position. That is called a velocity field or flow 
field, which is a description of the velocity of the fluid at a given point in space and time.  
Combining Navier-Stokes and differential continuity equation with the appropriate boundary 
and initial conditions allow solving the unknown p, u, v y w. Where p is pressure; u, v and w are 
velocity components. 
For mechanical fluid problems Navier-Stokes equations permit to find the velocity profile of 
the fluid flow. 
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2. EXPERIMENTS 
2.1. Experiments setup 
Experiments setup is shown in figure 4. The setup includes 
IV pole, a syringe, a bottle, de ion water (DIW), tube, a 
beaker, AC, and stopwatch. 
- IV pole: Allows modify the height (pressure) of the 
bottle. 
- Beaker: Collects the fluid that goes through the 
nanochannel during the estimated time. 
- DIW: Fluid used for the experiments, also combined 
with different concentrations of NaCl. 
- Bottle: Contains the fluid of the experiment, is hang 
up on the IV pole extreme. 
- Tube: Connects the Bottle with the nanochannel. 
- Stopwatch: Control the timing between each 
measure. 
- Syringe: Used to measure the volume of fluid has 
flown through the nanochannel to the beaker. 
- AC (Air Condition): Used to control the room 
temperature. 
 
In the set-up, the fluids move through the sample in response to an imposed pressure. A bottle 
is used to store the fluid. If the altitude difference in the liquid level between the container 
and the outlet of the channel is kept stable, the hydrostatic pressure difference is a constant. 
The total fluid flow away from the container is so small compared to the liquid in the bottle 
that the liquid level remains nearly unchanged during the experiment. Besides, the decrease in 
the liquid level in the bottle is so slow that the kinetic pressure at the inlet of the container can 
be neglected. So the pressure is determined only by the hydrostatic pressure. Changing the 
altitude of the container by IV pole, the hydrostatic pressure will be changed synchronously. In 
this way the influence of the pressure on the flow rate can also be measured. 
Figure 4 Set of instruments 
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2.2. Experiments description 
The experiments that have been done over the nanochannel have been controlled by the 
following variables, which are different height, different temperature and different fluid. For 
height, there are nine different values between 45 and 125 cm.  For temperature, there are 
three values, which are 15, 20, and 25oC. Two kinds of fluid are used in the experiments, which 
are DIW and NaCl solution.  
Each measurement in one experiment is repeated seven times in order to minimize the effect 
of possible random errors. The whole experiments for DIW and NaCl are repeated for three 
times. Temperature is not controlled, so as long as every experiment is made on different days, 
they are exposed to different values of it.   
To obtain the different concentrations of NaCl, a certain amount of it is mixed with DIW. The 
exact value is calculated using the molar mass of NaCl (58.443 g/mol) and the volume of the 
bottle (500 ml) for the experiments: 
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 (11)
 
Next are tagged and listed all the experiments that have been done. All the figures about them 
are at annex 1. 
ROOM TEMPERATURE 
A. RT-DIW 1         B. RT-DIW 2       C. RT-DIW 3  
D. RT-NaCl 1        E. RT-NaCl 2       F. RT-NaCl 3 
CONTROLLED TEMPERATURE 
A. CT-DIW 1                           B. CT-DIW 2                      C. CT-DIW 3 
D. CT-NaCl 0.05 mol/L         E. CT-NaCl 0.1 mol/L       F. CT-NaCl 0.5 mol/L 
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2.3. Procedure and equipment 
The experiment procedure is divided into four steps, 
- Preparations 
- Mixing 
- Experiment 
- Cleaning 
Preparations 
Set up is the first step where all the instruments are properly prepared for the experiments. 
First the bottle is cleaned with DIW and filled with the required liquid. The tube is connected 
between the nanochannel and the bottle. After that it is hang up on the IV pole. Following, the 
height is set to 85 cm, and during 30 minutes the nanochannel is opened letting the fluid flow 
to clean it from possible impurities stuck on it walls. 
Mixing  
Mixing is a special step just used in NaCl experiments. Using a precision scale the NaCl is 
weight. After that, the mixing process with DIW is done in three steps, adding on each one 
more DIW until reach the bottle capacity (500 ml); this is done to help a proper and fast 
dissolution of NaCl.  The mixing process is always done at least one day before to use it, to let 
the mix settle down. 
Experiment 
Experiment is the second step where the data is acquired. Starting from the lowest height of 
the IV pole (45cm) to the highest (125cm), every 5 minutes the volume of liquid collected in 
the beaker is measured using a precision syringe. The number of different heights depends on 
the type of experiment.   
Cleaning 
Cleaning is the last step where all the instruments are properly clean and saved; extracting 
liquid from the tube and the nanochannel, and washing all the tools. 
The equipment for the experiments can be divided into chip, the tools, and laboratory 
instruments. 
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The chip (nanochannel) used for the experiments (fig. 6) has dimensions of height 70 nm, 
width 20 µm and length 3.4 mm (fig. 5). It had been fabricated using selective thermal 
oxidation and etching back of silicon dioxide made on a silicon substrate by Dr. Wu at the 
Shanghai Institute of Microsystems and Information Technology. 
 
Figure 5 Dimensions of the nanochannel 
The cross section area is, 
 
21269 10*4.110*20*10*70* mmmwh −−− ===Α  (12) 
 
 
Figure 6 Nanochannel 
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3. RESULTS and DISCUSSIONS 
3.1. Different height 
From the experiments as shown in figure 7, figure 8, and annex 1.1, we can claim that height is 
the clearest factor that affects flow rate. The flow rate increases with the height. 
Modifying the height, the hydrostatic pressure difference between the bottle and the 
nanochannel changed. It is important to remark that during the experiment, 5 minutes 
intervals, we consider hydrostatic pressure remains constant to obtain a steady flow. This 
consideration is valid due to the amount of liquid that flow through the channel is negligible, 
compared with the bottle capacity. For incompressible liquids hydrostatic pressure can be 
calculated according to the following formula, 
 ghp ρ=  (12) 
Therefore bigger height leads into bigger pressure, what consequently means bigger flow rate. 
The effect can be appreciated in the next figure from the room temperature experiments. 
Figure 7 Experiment A. RT DIW1 
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The volume as a function of time at different heights is illustrated in figure 8. The 
measurements are done at room temperatures. The deionized water is used as the working 
fluid. The flow rate increases with the height. The curves flow curves follow a linear trend, 
from which we can claim that the N-S equation is still usable when the height of the 
nanochannel reduces to 70nm. 
The equations of linear fits, slopes and the intercept on the abscissa are obtained as shown in 
table 1. In table 1, x stands for pressure, and y for the volume. 
Room temperature Equation Slope Intercept 
DIW1 y = 0.095x – 1.693 0.095 -1.693 
DIW2 y = 0.061x + 0.873 0.061 +0.873 
DIW3 y = 0.089x – 1.352 0.089 -1.352 
NaCl1 y = 0.077x – 0.756 0.077 -0.756 
NaCl2 y = 0.081x – 1.656 0.081 -1.656 
NaCl3 y = 0.049x – 0.781 0.049 -0.781 
 
Table 1 Linear fits of the volume  
None of the linear trends pass through the origin. All the intercept values are negative, except 
one (might be explain due to measured errors). This means that when the height is equal to 
zero exist a negative volume flow or negative pressure. That might be explained from different 
effects such as capillary phenomenon.  
Capillarity appears because the cohesion intermolecular forces inside of the liquid are smaller 
than the ones between the liquid and the walls of the nanochannel, making the fluid flow 
against gravity until the fluid weight equals the intermolecular forces. This explains the 
negative pressure with no height. 
The volume as a function of height at different temperatures is illustrated in figure 8. The 
measurements are done at different temperatures, 15oC, 20oC and 25oC, respectively. Figure 8 
show the relationship is still linear when the experiments temperatures are different. Besides, 
the volume increases with the temperature. For example, the volumes are 5.8, 6.6 and 7.0ml 
when the temperatures are 15oC, 20oC and 25oC, respectively with the height 85cm. 
 3.2. Different temperature
The second most important variable
experiments as shown in Figure 
the temperature. This can be explained due to the effect of the temperature over the fluid 
viscosity. The viscosity of fluid may reduce the flow rate. 
viscosity reduces, which results in t
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Figure 8 Experiment I. CT-DIW 3 
 
 noticed that affects flow rate is temperature. 
9 and annex 1.2, we can obtain that the volume 
When the temperature increases, the 
he increasing of the flow rate.  
Figure 9 Experiment I. CT-DIW 3 
80 100 120
Height [cm]
20 25 30
Temperature [ºC]
18 
From the 
increase with 
140
15ºC
20ºC
25ºC
45 cm
85 cm
125 cm
19 
 
Figure 10 Experiment J. CT-NaCl 0.05 
The relationships between volume and temperature at different height are shown in figure 9 
and figure 10. The fluids used in figure 9 and 10 are DIW and 0.05mol/l NaCl, respectively. 
As shown in figure 9 and 10, curves follow a linear trend. The equations of linear fits, slopes 
and the intercept on the abscissa are obtained as shown in table 2. 
Room temperature Equation Slope Intercept 
DIW3 – 45 cm y = 0.072x + 1.686 0.072 1.686 
DIW3- 85 cm y = 0.111x + 4.266 0.111 4.266 
DIW3 – 125 cm y = 0.163x + 6.207 0.263 6.207 
NaCl 0.05 – 45 cm y = 0.044x + 1.525 0.044 1.525 
NaCl 0.05 – 85 cm y = 0.149x + 3.355 0.149 3.355 
NaCl 0.05 – 125 cm y = 0.153x + 6.104 0.153 6.104 
Table 2 Linear fits of the volume  
The slopes increase with the height as shown in Table 2. For example, the slopes are 0.072, 
0.111, and 0.263, respectively when the height increases from 45cm to 125cm with the DIW 
working fluid. This statement agrees with the exposed in the previous paragraph. 
The intercept of equations are 1.686, 4.266, and 6.207 respectively as shown in Table 2, which 
are positive. But in Table 1, the intercept values are negative. The reason may lie in EDL 
(electric double layer) effect.  The EDL effect may reduce the flow rate. And the EDL effect 
increases with the temperature. When the temperature increases, on one hand, the flow rate 
increases because the viscosity reduces. On the other hand, the EDL effect also increases, 
which may reduce the flow rate. As a result, the increasing amplitude of the flow rate becomes 
smaller. 
0
2
4
6
8
10
12
10 15 20 25 30
V
o
lu
m
e
 [
m
l]
Temperature [ºC]
45 cm
85 cm
125 cm
20 
 
As shown in figure 9 and 10, the curves keep the linear trend. But sometimes large deviated 
points may also appear, as shown in annex 1.2. The possible reason might lie in two factors. 
One is random measure errors, and the other is particles or bubbles stuck into the 
nanochannel which obstruct the flow.  
3.3. Different concentration 
The volume as function of NaCl solution concentration is shown in figure 11. The concentration 
of NaCl solution is 0.05, 0.1 and 0.5mol/l, respectively. The viscosity increases with the 
concentration. So in theory, the flow rate may decrease when the concentration increases 
with the order, 0.05, 0.1, and 0.5mol/l.  But on the other hand, the effect of EDL becomes 
weak when the concentration increases, which may result in the increasing of the flow rate.  
The final result is the combination of the two factors. In theory, there exists the largest flow 
rate. As shown in Figure 11, except for the two experiments (125cm 25oC, 45cm 40oC), other 
experiments follow the law.  
Figure 11 Different concentration experiments J, K and L 
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3.4. Reynolds Number 
The Reynolds number owns the name of Osborne Reynolds (1842-1912). It is a dimensionless 
parameter that can serve as a tool to predict the flow regime. It depends on three physical 
characteristics that describe the flow conditions, 
- Length 
- Velocity 
- Kinematic viscosity 
Kinematic viscosity is the ratio of absolute or dynamic viscosity to density, a quantity in which 
no force is involved. Kinematic viscosity can be obtained by dividing the absolute viscosity of a 
fluid with its mass density. 
The critical Reynolds number is known as the point where the flow change it regime from 
laminar to turbulent or vice versa. However when the Re is close to ReCRIT the flow can 
intermittently turbulent and laminar, this is called intermittent flow. For macroscale if: 
- ReCRIT < 2300 Laminar flow 
- 2300 < ReCRIT < 4000 Interval flow 
- 4000 < ReCRIT Turbulent flow 
Reynolds number is calculated based on: 
 A
QDVDVD
υµ
ρ
υ
===Re
 (13) 
D represents the diameter of the pipe. In our case the nanochannel has a rectangular shape, so 
instead, it will be used the hydraulic diameter. 
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Next is calculated for an experiment of DIW @15 ºC and 45 cm, as an example. From the 
description of the experiment is known: 
A = 1.4*10-12 m2 
 ν (DIW @ 15 ºC) = 1.141*10-6 m2/s 
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Flow rate is obtained from the experiments data: 
Q @DIW 15 ºC 45 cm = 2.7 ml 
All flow rate measures have been doing in a range of 5 minutes so we need to convert them to 
m3/s: 
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Subsequently: 
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The value of the Reynolds number obtained is 788. If the macroscale classic values for ReCRIT 
were valid for nanoscale; the flow might be laminar because still under 2300. 
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4. CONCLUSIONS 
Lots of experiments about the fluid flow through nanochannel are done in this work. The 
results show that the flow rate increases with the height. The response is approximately linear, 
which indicates the N-S equation is still usable when the height of the nanochannel reduces to 
70nm. The other factors such as temperature, concentration, kind of fluid, may also affect the 
flow rate. But the entitative factors are the viscosity, EDL effect. 
Reynolds number of the flow is also calculated. The value is much less than the critical 
Reynolds number, which show that the flow in nanochannel (70nm) still belongs to laminar 
flow. 
  
24 
 
5. BIBLIOGRAPHY  
Books 
[Potter02] Merle C. Potter, David C. Wiggert. “Mechanics of fluids”. China Machine Press. 
2002. 
[White01]. F. M. White. “Fluid Mechanics”. McGrawHill. 4th edition 2001.  
[Castañer09].L. Castañer, A. Rodríguez. “Apuntes MEMS”. UPC. 2008. 
Papers 
[Koo03] Junemo Koo, Clement Kleinstreuer. “Liquid flow in microchannels: experimental 
observations and computional analyses of microfluidic effects”. Journal of micromechanics and 
microengineering. 2003. 
[Hao06] Pang-Fei Hao, Zhao-Hui Yao, Feng He, Ke-Qin Zhu. “Experimental investigation of 
water flow in smooth and rough silicon microchannels”. Journal of micromechanics and 
microengineering. 2006. 
[Hak04] Mohamed Gad-el-Had. “Liquids: The holy grail of microfluidic modeling”. Virginia 
Commonwealth University. 2004. 
[Wei04] Xiaojin Wie. “Stacked microchannel heat sink for liquid cooling of microelectronics 
devices”. Georgia Institute of Technology. 2004. 
[Bayraktar06] T. Bayraktar, Srikanth B. Pidugu. “Characterization of liquid flows in microfluidic 
systems”. International Journal of Heat and Mass Transfer. 2006. 
[Gad04] Mohammed Gad-el-Hak. “Liquids: The holy grail of microfluidic modeling”. 
Commonwealth University. 2004. 
[Feenstra06] J. Feenstra and R. Hayes, “Electrowetting displays”. Liquavista. 2006. 
[Wu07] Chanju Wu, Zhonghe Jin, HuiQuan Wang, Huilian Ma, Yuelin Wang. “Design and 
fabrication of a nanofluidic channel by selective thermal oxidation and etching back of silicon 
dioxide made on a silicon substrate”. Zhejiang University. 2007. 
25 
 
[Mala98] Mohiuddin Mala, Dongqing Li. “Flow characteristics of water in microtubes”. 
International Journal of Heat and Fluid Flow. University of Alberta. 1998. 
 
Websites 
[Ouellette]. Ouellette J. American Institute of Physics. ”A new wave of microfluidic devices”. 
www.aip.org/tip/INPHFA/vol-9/iss-4/p14.html 
 [Wikipedia10]. “Sodium chloride”. http://en.wikipedia.org/wiki/Sodium_chloride. 2010. 
[Efunda10]. “Reynolds number”. http://www.efunda.com/formulae/fluids/calc_reynolds.cfm. 
2010. 
  
26 
 
ANNEX 
1. EXPERIMENTS FIGURES  
1.1. Height 
Experiment A. RT-DIW 1 
 
Figure A.1 Experiment A. RT DIW1 
Experiment B. RT-DIW 2 
 
Figure A.2 Experiment B. RT-DIW 2 
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Experiment C. RT-DIW 3 
 
Figure A.3 Experiment C. RT-DIW 3 
Experiment D. RT-NaCl 1 
 
Figure A.4 Experiment D. RT-NaCl 1 
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Experiment E. RT-NaCl 2  
 
Figure A.5 Experiment E. RT-NaCl 2 
Experiment F. RT-NaCl 3 
 
Figure A.6 Experiment F. RT-NaCl 3 
1
2
3
4
5
6
7
8
9
40 50 60 70 80 90 100 110 120 130
V
o
lu
m
e
[m
l]
Height[cm]
1
2
3
4
5
6
40 50 60 70 80 90 100 110 120 130
V
o
lu
m
e
[m
l]
Height[cm]
 Experiment G. CT-DIW 1 
Experiment H. CT-DIW 2 
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Figure A.7 Experiment G. CT-DIW 1 
Figure A.8 Experiment H. CT-DIW 2 
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15ºC
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 Experiment I. CT-DIW 3 
Experiment J. CT-NaCl 0.05 
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Figure A.9 Experiment I. CT-DIW 3 
Figure A.10 Experiment J. CT-NaCl 0.05 
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 Experiment K. CT-NaCl 0.1 
Experiment L. CT-NaCl 0.5 
1
2
3
4
5
6
7
8
9
10
11
40 60
V
o
lu
m
e
 [
m
l]
 
2
3
4
5
6
7
8
9
10
11
40 60
V
o
lu
m
e
 [
m
l]
 
Figure A.11 Experiment K. CT-NaCl 0.1 
Figure A.12 Experiment L. CT-NaCl 0.5 
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1.2. Temperature 
Experiment G. CT-DIW 1 
 
Figure A.13 Experiment G. CT-DIW 1 
Experiment H. CT-DIW 2 
 
Figure A.14 Experiment H. CT-DIW 2 
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Experiment I. CT-DIW 3 
 
Figure A.15 Experiment I. CT-DIW 3 
Experiment J. CT-NaCl 0.05 
 
Figure A.16 Experiment J. CT-NaCl 0.05 
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Experiment K. CT-NaCl 0.1 
 
Figure A.17 Experiment K. CT-NaCl 0.1 
Experiment L. CT-NaCl 0.5 
 
Figure A.18 Experiment L. CT-NaCl 0.5  
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1.3. Concentration 
 
Figure A.19 Different concentration experiments J, K and L 
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